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Introduction. Static and dynamic loading systems of the safety 
friction clutch (SFC) are investigated. A schematic diagram of 
the frictional contact of solids in the forging and stamping 
machines is synthesized. From the point of view of increasing 
the operational stability of the working body in crank presses, 
the following factors are considered: response time, current 
friction factor and a change in torque under static and dynamic 
loading of the safety clutch. 

Materials and Methods. The response time of the SFC with 
differentiated friction pairs is determined. The sought indicator 
corresponds to the period of the uptime in which the load is 
amplified (between values of the rated torque and the response 
time). The parameters of a dual-mass system correspond to the 
parameters of an equivalent system that includes a clutch and 
key parts of the drive. The system elements include mass of 
inertia; mass of inertia including the engine rotor and the main 
(driving) part of the SFC; elastic connection with the specified 
value of the reduced angular stiffness. 

Research Results. Values of the load arising in elastic bonds 
not conditioned by the working body operation are specified. 
Formulas that should be used to determine the values of the 
driving moment and generalized coordinates are presented. 
Start conditions with an increase in the load value from the 
initial indicators are described. 

Discussion and Conclusions. The dependence is found for 
calculating the minimum number of friction pairs of the basic 
friction group. It is shown that at this minimum, the gain used 
to implement an “ideal” SFC load characteristic, does not 
exceed the maximum permissible value, even if the value of 
the friction coefficient is maximum. A fundamental SFC mod- 
el is presented, in which, with a minimum value of the friction 


coefficient, negative feedback does not work. In the functional 
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Beedenue. ViccneqopaHbl cTraTuueckad MW WWHaMvyeckas CH- 
CTeMbI Harpy2KeHHA pesOxpaHuTeIbHOU (PpUKIMOHHOM Myd- 
Th (IIDM). CuntTe3supoBana MpHHiWnvasibHad cxeMa (pnK- 
I[MOHHOFO KOHTAKTA TBEPJIBIX Tes] B KY3HC4HO-IUTAaMMOBOUHBIX 
MallMHax. C TOUKN 3peHHA UCCIIeTOBAHHA IIpolecca MOBbIILLe- 
HHA cTaOuIbHOTO (yHKIMOHMpOBaHHA padouero opraHa B 
KPHBOIIMMHbIX Wpeccax paccMOTpeHbI cCilesyroulwe PakTOpsI: 
BpeMaA CpaOaTbIBAaHHA, TeKyIIMH KOIPMuWMeHT TpeHuA U U3- 
MeHeHue BpalllarollerO MOMeHTa Ip CTaTHYeCKOM HU ]MHa- 
MHYeCKOM HarpyKeHun MpesOXpaHUTesIbHOH MyQTBI. 
Mamepuaibi u memooovi. OrpejeteHo BpeMaA cpadaTbIBaHuA 
IIDM, umerouleh AuddepenuMpoBaHHble Mapbl TpeHua. Vc- 
KOMbIM TlOKa3aTeJIb COOTBETCTBYeT y4acTKy padouero BpeMe- 
HU, Ha KOTOPOM ycusIMBaeTca HarpykKeHue (Mex Ty 3HadeHHsA- 
MH HOMHHAJIbHOrO BpalllarollerO MOMeCHTa H MOMEHTA Cpa- 
OaTbIBaHusa). IlapaMeTpbI CHCTeMBI, COCTOAIeH U3 JIBYX Macc, 
COOTBETCTBYIOT apaMeTpaM 9KBUBaJICHTHOM CHCTeMBI, BKJIIO- 
yarollen My@Ty WU KIIFOUeBbIe YaCTH WpHBOa. DIeEMeHTHI CH- 
CTe€MbI: Macca HHeplMu; Macca MHepInH, BKIOYUAIONad POTOP 
JBuraTesIa WM OCHOBHYYO (Bezyutyro) uactb IIOM; ynpyras 
CBA3b C YKa3aHHbIM 3HAYCHHEM IIPHBeJCHHOM yIIOBOM %*KeCcT- 
KOCTH. 

Pe3yibmamol ucciedoeanua. OrpeeseHbl 3HaveHuA Harpy3- 
KH, BO3HHKalollen B YIIpPyrMxX CBA3AxX, He OOYCJIOBJICHHBIX 
(@YHKIMOHMpOBaHvem padounx opraHos. IIpeyzcTaBieHsi 
(OPpMyJIbI, KOTOPble CueyeT UCMOMIb30BaTb JIA ONpeeeHuaA 
3HadeHHM JBYOKyIerO MOMeHTa UH OOOOLICHHbIX KOOpAMHAT. 
OnucaHbl ycIOBMA CTapTa pu yBeIM4eHHN 3HA4YeHHA Harpy3- 
KM OT HayaJIbHBIxX MOKa3aTesen. 

O6cyocoeHue u 3akiioyeHua. HaiiqeHa 3aBHCMMOCTH JIA BBI- 
4UCJICHHA MMHMMAJIbHOrO 4UCJIa Nap TPeHuA OCHOBHOUM (pukK- 
IMOHHOM rpynbi. Iloka3aHo, YTO Mp STOM MHHUMYyMe KO- 
3PMDUMMeHT YCHIICHHA, UCHOUb3yYeMBIN JIA peamu3zalun «uye- 
aJIbBHOM» Harpy304HOUM XapakTepucTuKH IIDM, He MpeBbIaer 
IIpeyjeIbHO JOMYCTHMOe 3Ha4eHHe, Jake eCIIM BeIM4HHA KO- 
39ddulventa TpeHua MakcuMasbHa. IIpeyctaBieHa MpHHin- 
mMasibHad Mosenb IIDM, B KOTOPOH Ip MHHMMAaIBHOM 3Ha- 


YeHHM KOIPMULNNeHTa TPCHHA OTPUILAaTesIbHad OOPaTHad CBA3b 
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diagram of the basic SFC version modernization, there is no 
negative feedback with a minimum value of the friction coef- 
ficient in order to increase the accuracy of operation and the 


rated load capacity. 
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Oa30Boro BapvaHta IIDM ya nNOBbIMIeHHA TOUHOCTH cpada- 
TbIBAHHA UW HOMMHAIbHOU Harpy304UHOH CMOCOOHOCTH OTCYT- 
CTBYeT OTPHUaTesbHad OOpaTHad CBA3b IPH MMHMMasIbHOM 
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Introduction. At the present stage of production development, to increase reliability and to extend the lifetime 
of manufacturing facilities are critical tasks. In particular, it is of interest to study the static and dynamic loading sys- 
tems of a safety friction clutch (SFC). In the framework of this research, the static and dynamic loading systems of the 
SFC are considered. A schematic diagram of the frictional contact of solids in forging and stamping machines is synthe- 
sized. From the viewpoint of investigating the process of increasing the stable operation of the working body in crank 
presses, the following factors are considered: response time, current friction coefficient and change in torque under stat- 
ic and dynamic loading of the safety clutch. 

Materials and Methods. Determine the response time of the SFC with differentiated friction pairs. The re- 
quired indicator corresponds to the part of the working time on which the load is intensified - between the values T, 


(rated torque) and 7; (response time). The parameters of a dual-mass system correspond to the parameters of an equiva- 


lent system including a clutch and key parts of the drive (Fig. 1). 





Fig. 1. Dynamic design diagram 1 


The system components are as follows: 

- mass of inertia (the equivalent system is linked up with the main (drive) shaft of the SFC (position 1 in Fig. 1); 

- mass of inertia including the engine rotor and the main (drive) part of the SFC (position 2 in Fig. 1); 

- elastic connection with the specified value of the reduced angular stiffness c, and c,, respectively (positions 


3 and 4 in Fig. 1| 
Establish that the damping value in this system and in the SFC is low and should not be used. The value of the 
reduced moment of resistance forces is equal 7, . Given these factors, we obtain the equations of motion [1]: 


Jib, +c (0, —2) = Ty, (1) 
Joby + C762 =E(b1 - 02), (2) 
where J/,, J> are the values of the given moments of inertia of the SFC and the non-essential (driven) part of the drive, 


respectively; 7, is the value of the driving torque; ,, 2 are the values of the generalized coordinates of the system 


motion (the values of the rotation angles of the mass of inertia 1 and 2, respectively). 
The equations (1) and (2) show that the engine has the required resource of power level and 9, =wt (@ is the 


value of the angular velocity of inertia masses 1, o=const, tis the time value) [2—S5]. 
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Let us introduce these conditions into the equation (2): 


b> + 


oe & C 
ay, 


Jy Jy 


: Care Cy Fc Cc 
o> = Asin 24+ Beos [+ —*1 + or 
J J Cj +Co 


Values of the integration constants A and B should be calculated when specifying the initial values: at t =0 


b> =T,,/c, b> =@. Then 





As a result, we write: 





T C70 J 
B="; A= 2 
'&) Cj + Co Cj +Co 


Hence 





— C70 aaa OL. C} a 
Gro oa J Cy +5 


Values of the loads, that the elastic bonds 3 and 4 receive, are ai 


CyCo Ot CCQ@ Qrc2 ay al 

Ty =4(b, -$,) = 22 - Ty 00s (3) 
C} + C5 C] + C5 C} on 
eae CIO! C70 cy +02 = t+T, cos (4) 
Cj + C7 é a C] ns 
. Gre Cy re +-C Ci; +C 
sin |1—*+ =0, cos _|+—*+ =1 or sin a 2 ' Zi (5) 
Jy Jy 


Consider the equation: 








CyCo OW Cc 
is eal =o (6) 
Cj + Co a 


The only real value of the solution to the equation (6): 


a (7) 





The cubic equation analysis 
Cc _ WE 2 0" 


T° - 


cy +307 C5 +3¢)c75 £5 _ 
H 

allows us to make the following statement: for values of the variables c; smaller than the value of the variable calculated 
according to (6), the value of the left-hand side of (7) is much larger than of the right [6-8]. At the trigonometric 


functions specified in (3), with a possible decrease inc, , the value of the sinusoidal vibrational amplitude increases 


(qer0, [J 4/ (Cc, +9) / (G+ cy)) and the value of the cosinusoidal vibrational amplitude decreases (c,T;, / c> ) . 








Then sin f(c, + C9 te / Jn =90; cos |(¢| + C7 )t, / Jo =1, resulting in: 
(cq + C5 )tp / Jy = 20, 


5 1 (8) 
= 
TN 
S 
= The time interval when the value of the elastic coupling moment 3 is identical 7, : 
~< 
cj +c C 
5 -1-4|7 +—7, |. (9) 
Ss C1 C7 C4 
Ss 
= 
<< 


where n =0, 1, 2,...., 7 
Considering (9), we write: 
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(Cc +Cy)afc, +c Ty +L, |= 2endee0 (10) 
2 


For rigid SFC [4 >a{ ero 7", -1)}, we use the expression sin {(c) +7 tp / Jn =1, 


COS (Cc) +€5 to / J =Q0.At that, 











Cc) +c C1057 J 
ft, =+—4| 7, +4 a= |, (11) 
C1 C70) C} + C95 C} + C95 


In this equation, angular stiffness of the SFC: 


cote Tl 
! Ay, =—+2nn. 
J 2 


The value can be obtained in the form of an analytical result: 


3 

C75 (3c) = a)-[e -¢| =F 2, -( 
3 3 3 

C75 (3c) -6)-(e, -S| = 2, -(2-$)| ‘(o -S| 65 (3c, -a) —C4 +G. 


As aresult, G= Inc? 50)" (1/2+2nn =i). /T aa . From knowing c; and ¢,, we find the values of the torques 




















acting on the elastic coupling 4. For this, we use the dependences presented below [6-9]. 
— Safety friction clutch (elastic): 


Ci Fc 
I’) =T +-— 





7. (12) 
C2 


| J 
T"> = Ld + C70 2 : (13) 
C} + C5 


Based on the results of the calculations, it is required to make a number of comments. With an increase in cp, 


— Safety friction clutch (rigid): 





the value of the moment arising on the elastic coupling 4 (elastic clutch) decreases. If c. grows, so does the torque 
(rigid clutch). 


Consider the types of drive loads. It is important to note that prior to the SFC operation, overloading is not the 
reason to stop the machine working bodies (Fig. 2). 





Fig. 2. Dynamic design diagram 2 


The equations for this system are: 
Ji, +e, (0; 02) = Ty (14) 
Joo — C4 (1 — 2) + C2 (2 — 3) = 9, (15) 
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Jabs ~9(2~ 3) =—Ty Te (16) 


Cc 


Here, 0;, >, 3 are generalized angular coordinates of inertia masses 1, 2, and 3; 7, is the value of the possible 
increase in torque in the working body device; f, is time (associated with the value of the overload growth rate and 7, 
). The torque value 7, (depends on the type of production machine and its applicability) is written in the form: 
(1, 2...4)7,, [10-13]. The working body has a power reserve, and the value of the angular velocity of inertia masses | is 
assumed unchanged, 1.e. @, = ar. In this case, considering (16), we obtain [13]: 

C1(9) — 02) =. 


Let us do the summation: 























Iyby +(c +€2)b2 —E@t — C93 = 0. (17) 
We sum (15) and (16): 
‘ o t 
S202 — Ct + C7 + J303 =—-Ty —To — (18) 
Cc 
We differentiate twice (16): 
d* d° d° 
J5 92 4 (ce, +09) 22 =C et, (19) 
dt dt dt 
Using (18), we obtain: 
d? Ia 
78 Lf gor-ab. Th 22 2 ; 
dt J3 t.) J3 dt 
Substitute the last expression in (16): 
4 Z 
d 2 , C242 +4 +9)53 22 Fe a ee Com _T. “| | (20) 
dt JoJ3 dt JoJ3 J5J3 c 
From (20), we obtain: 
1{_ d*o t 
d> =— J3 > + ey3 +7, +T, — ? (21) 
2) dt lo 
We differentiate twice (21) and get: 
d? d* d? 
oe ae, (22) 
dt? |” dt* dt” 
Substitute (22) and (21) in (18): 
4 2 
493 Cog + +Og)J3 E93 12 pe eu 7 LT “| | (23) 
dt* J7J3 dt? JJ J5J3 7) —— c 
We write the general solutions of the equations (22) and (23): 
, 1 
> = A sinkyt+ B, coskyt+C, sinkyt+ D, coskot + fg a Oe De ‘| ; (24) 
] Cc 
: : 1 C] + SS) t 
(3 = A, sinkyt + By coskyt+C, sinkyt + Dy coskyt + G@Ot —=———=| T+ 1 | | (25) 
C} aS 5) SS) Lo 


Here, 











2 
CoS +(C, +2 )J3 | CCD 
mee ee 


Research Results. Using the expressions (22) and (23), we find the values of the load arising in elastic 


couplings not represented in (18). In this case, we use the values of the torque 7, equal to (0; — > )(t) . The presence of 


the moment7, provides recording the generalized coordinates: 0, -—0) =T,/cq, 0)-03 =T,/cC, 9, =a@t. We 


describe the conditions for starting at the increasing load (from the initial indicators): at t=0 5 =—T,/c,, 
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doy /dt=0; 03 =-(cq,+¢))T,/qco, do; /dt=a. Given (17) and (18) and the starting conditions, we obtain (at 
t=0): 


d°by_ ep d"b3 _-2q,, , 93 


= 1.9 — 0 —— =0, 
dt” Jey dt? dt? yo dt 


We use the starting conditions, the obtained indicators and the main expressions (22) and (23). We obtain 











constant values of the integration process: 
2 
__ kT Pe TC? 
2 2 ? . 2% 
ky (hk Ko ete Cpa (k") — kp) 


2 
kT, . T 302 


(Se LS sh 
ky (Kk?) —k75) cyt, oy (k7| — ky) 
k*, ha teaMe . p _  Inleg = 21) 


A = -————.— ’ a) — Ay RD 
ky(k7{-k75) tC ate oy (k7, ky) 


2 
Cc, = 1 (4 +e2 Me. py _ Fn lo —2¢1) 
OS a a ee a 
ky (ky ko) Cake CJ3(k°| —k"2) 
We substitute the values obtained after integration into (22) and (23): 


T 2 2 
b. =——— _— a ee fee + 
(A) —k°9)e | be \ he i 


7 ] 
+ #2 (cos kt — cos ko) +— En a ee ee 5 
J Cj lo 


2 2 
3 E 2 ki 1 


(k7,—k75)e,] Cate 2 
—~2a)T + t 

f2FAN cosh cosh) | oor 828, +T, | 
C9 Cc 


J Cj +Co 





Torque values perceived by elastic couplings 4 and 5: 


T 2 2 
T = (6, -$y)¢ = = © say eee - 
k 1—k y) Lo ky ky 





(26) 
7 
~ #2 (c9s kt — cos ky!) ry ty ee 
Jy to 
=2 
Ty = (2 — 3 ep = 2 ii Gane ost 08hy0)- 
(k"| —k°9 Jey a. = (27) 





2 2 2 

Toc, | ko. hwy, C cq —c t 

=) sinh sin Gt || — ore | 2, 

Cok k ky Cj + C2 C} Le 
The values k,t and k>t are not related to each other. The values sinkjt, sinkyt, coskjt, coskjt can be 

positive or negative: sinkjt=1 and sink,t=—1 or coskjt=—1 and coskjt=1 [10-12]. The values of these time 


intervals are from (27): 


t kei +k 
4 = (I, -T,) + -———-; (28) 
To Iyky(k*| —k*2) 
t 2C> 
a | ea (29) 
| " as | 1 


Substituting (27) and (28) into (29), we obtain the values of interconnected torques in the elastic coupling 
5 [13]: 


3. 23 2 
pr, - Mat 2c (2. C2@ Jeno] C°2® era}, 9-8 L,,. (30) 


>» = 
kaka (k7, —k75) ele 1 +2 TT, | o +C2 Clo Cc 


Machine building and machine science 


379 


http://vestnik.donstu.ru 


380 


Vestnik of Don State Technical University. 2019. Vol. 19, no. 4, pp. 374-381. ISSN 1992-5980 eISSN 1992-6006 
Becmuuk JTonckozo 2zocyOapcméennozo mexnuyeckozo ynueepcumema. 2019. T. 19, Ne 4. C. 374-381. ISSN 1992-5980 eISSN 1992-6006 


f 2 2 26 )F 
By PON lp ge 
ve (k l —k 7)J5 C} ss C4 Cyl, 


Cy — Cy 2C> 2.4 £274) | 
Cj (k?, ae )ey J J3 


We use the expression for calculating the expansion force [13] to obtain the peak torque transmitted by the 





(31) 


+L, 


friction clutch when the external moment increases to 7; : 





We use this expression to find the torque 7", : 





T,-T' 
Ty = Repl Fa ter) 


r 
We consider the value for the full torque 7, of the SFC and obtain 7, = 7; . Thus, by the end of the 2nd time 


interval ft; ... ft, when the load distribution in the safety friction clutch is completed, the values of the friction moment 
and the external torque are the same. 

Discussion and Conclusions. The dependence is found for calculating the minimum number of friction pairs 
of the main friction group. It is shown that with this minimum, the gain factor used to implement the “ideal” load char- 
acteristic of the SFC does not exceed the maximum permissible value, even if the value of the friction coefficient is 
maximum. 

A fundamental model of SFC is presented, in which negative feedback does not function at the minimum 
value of the friction factor. In the basic scheme of modernization of the basic version of SFC, at a minimum value of the 
friction factor, the negative feedback 1s absent to increase the operation accuracy and the rated load capacity. 
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